
S...-.- , -u* 77

-., ..

AD-AO09 735

THE AERODYNAMIC CHARACTERISTICS OF WRAP-AROUND FINS,

INCLUDING FOLD ANGLE AT MACH NUMBERS FROM 0.5 TO 1.3

C. W. Dahlke, et al

Chrysler Corporation

Prepared for:

Army Missile Research, Development and
Engineering Laboratory

20 December 1974

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE



DISPOSITION INSTRUCTIONS

DESTROY THIS qEP0ORT WHEN IT IS NO LONGER NEEDED. DO NOT

RETURN IT TO THE ORIGINATOR.

DISCLAIMER

THE FINDINGS IN THIS REPORT ARE NOT TO BE CONST'RUED AS AN
OFFICIAL DEPARTMENT OF THE ARMY POSITION UNLESS SO DESIG-
N4ATED BY OTHER AUTHORIED DOCUMENT&.

4 
p

TRADE NAMES,

USE OF TRIAUE NAMES O MANUFACTUREAV, IN THIS REPORT DOES
NOT CN~t~UTE N (W INDO 100IENT OR APP~ROVAL OF

T USE Of MIUCH COMMERCIAL HARDWARE OA SOFTWARE.

AI



"UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (nIoin Date ntet.ed)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONSBEF'ORE COMPLETING FORK
I. REPORT NUMBER 2. GOVT ACCESSION NO 3. RECIPIENT'S CATALOG NUMBER

4. TITLE (d Subtitle) S. -VPE )1 REPORT 1 PiRIOD COVERED

THE AERODYNAMIC CHARACTERISTICS OF WRAP-AROUND TECHNICAL REPORT
FINS, INCLUDING FOLD ANGLE AT MACH NUMBERS
FROM 0.5 TO 1.3 6. PERFORMING ORG. REPORT NUMBER

. DMS-AR-1024
7. AUTHOR(.) I. CONTRACT OR GRANT NUMBEiR.()

C. W. DAHLKE
L. D. FLOWERS DAAH03-74-C-0405

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
Chrysler Corporation Space Division AREA & WORK UNIT NUMBERS
Data Management Services 1A Project No.IM262303A214
P. 0. Box 29200 IMC MS Code No.632303.11.21405
New Orleans.-La._ 70189 ___,

,1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Commander 20 December 1974

U. S Ary Misil Comand13. NUMB3ER OF PAGES
Attn: AMSMI-RD.

Um.1 S•• .. . Ar, my a Mi s l 1Com.m an 

44KR

14. "i ' I- t f-N-f MMt CoalnuF nd O11ci) 13. SECURITY CLASS. (of tLhi seprt)

UNCLASSIFIED

150ll. EL ASS, FI C ATION/DOWiN GRADIN G
SCHEDULE

W6 DISTRIBUTION STATEMENT (of this lRepowf)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (at the "steac ooteft~d .* Black 20. i ill mIteI 190u4 Repoto~

hOI~du.ced by

NATIONAL TECHNICALINFORMATION SERVICE
VS of I~,r. Ica....,4o

Spe--ahtold. VA, it

6i. SUPPLMENTARY NOTES

Chrysler Corporation Space Division assumes no responsibility for the data
presented other than display characteristics.

to, Key WtORDS (Comlfou* an rvovtss side It nec..efmtv imid ttdmlfyo bp block Mmw.*.

Ar~P-AROL'IID F1N3

MISSILE ROLLING MOMENT COEFFICIENT
FIN OPENING ANGLE
SWEPT LEADING EDGE

30. ANSTRACY (COMOW-0 ar row 64& #1 ~4elemifWY &Wd limiilf by 11143 ;umiW)
An experimental investigation was conducted in the Arnold Engineering Develop-

ent Center's Propulsion Wind Tunnel 4-foot transonic test section to study the
aerodynamic characteristics of wrap-around fins. Wrap-around fins with leading
edge sweep angle on straight and step down bodies wore tested. One unswept fin wo
tested simulating various opening angles from 10 degrees beyond fully open to a
folding angle of 112.5 degrees. Force and moment data were obtained at Hach num-
bers from 0.5 to 1.3 at angles of attack up to 14 degrees and roll angles from
0 to 67.5 degrees. The complete results of this test are presented in plotted
form for the main balance and all four fin balances.

w IFOAUV103 UONCLASSIFIED

I SCUPTV CLA,,,VICATIOI. OV THIS PAGE (9e8 Dal0 841*0..



TABLE OF CONTENTS
* 

PAGE

INDEX OF MODEL FIGURES 2

INDEX OF TABLES 2

INDEX OF DATA FIGURES 3

INTRODUCTION 7

APPARATUS 8

DATA ACCURACY 11

REDUCTION OF DATA 12

DATA PRESENTATION 13

REFERENCES 15

NOMENCLATURE 16

FIGURES 19

TABLE.' 24

PLOTTED DATA 29



INDEX OF MODEL FIGURES

FIGURE DESCRIPTION PAGE

1 Sign Convention 19

2 External Body Geometry 20

3 WAF Geometry 21

4a Model Installation Photograph, BIFI, e = 450, 0 = 0 22

4b Model Installation Photograph, BIFI, = 900, 00 23

INDEX OF TABLES

TABLE DESCRIPTION PAGE

I Data Set/Run Number Collation 24

I Fin Configuration Summary 27

Ill Data Precision 28



V1.

INDEX OF DATA FIGURES

PLOTTED
CONDITIONS COEFFICIENTS

TfTLER VARYING SCHEDULE PAGE

Aerodynamic Stability Coefficients- MACH (A) 1-9
Body Alone

Aerodynamic Stability Coefficients-
CR/D - 1.75, LAMBDA - 0.0$
THETA - 0.0 MACH (A) 10-12

Aerodynamic Stability Coefficients-
Step Down Body, MACH
CR/D - 1.75, THETA - 0.0 PHI (A) 13-18

Aerod)namic Stability Coefficients- MACH
CR/D - 1.75, LAMBDA - 46.9 PHI (A) 19-24

Aerodynamic Stability Coefficients- MACH
CR/D - 1.75, LAMBDA a 60.0 PHI (A) 25-36

Aerodynamic Stability Coefficients- MACH
CR/D - 1.00, LAMBDA - 46.9 Pill (A) 37-48

Aerodynamic Stability Coefficients- MACH
CRID- 1.00, LAMBDA - 57.3 PHI (A) 49-60

Aerodynamic Stability Coefficients- MACH
CR/D a 1.75, THETA - -10.0 PHI (A) 61-72

Aerodynamic Stability Coefficients- MACH
CR/D w 1.75, THETA - 22.5 PHI (A) 73-96

Aerodynamic Stability Coefficients- MACH
GR/D - 1.75, THETA - 45.0 PHI (A) 97-120

Aerodynamic Stability Coefficients- MACH
GR/D - 1.75, THETA - 90.0 PHI (A) 121-132

Aerodynamic Stability Coefficients- MACH
CR/D w 1.75, THETA - 112.5 PHI (A) 133-144

Effect of Reynolds Number - Body
Alone Aerodynamic Stability PT (B) 145-146

;i3



INDEX OF DATA FIGURES (Continued)

PLOTTED
CONDITIONS COEFFICIENTS

TITLE VARYING SCHEDULE PAGE

Effect of Step Down Body, THETA 0.0 Configura- (B) 147-148
tion

Effect of Roll on Aerodynamic Coef-
ficients, CR/D = 1.75, LAMBDA =

46.9 Degrees PHI (B) 149-150

Effect of Roll on Aerodynamic
Coefficients, CR/D = 1.75,
LAMBDA = 60.0 Degiees PHI (B) 151-152

Effect of Roll on Aerodynamic
Coefficients, CR/D - 1.00,
LAMBDA = 46.9 Degrees PHI (B) 153-154

FIfects of Roll on Aerodynamic
Coefficients, CR/D = 1.0,
LAMBDA = 57.3 Degrees PHI (B) 155-156

Effects of Roll on Aerodynamic
Coefficients, CR/D = 1.75,
Step Down Body PHI (B) 157-158

Effects of Roll on Aerodynamic
Coefficients, CR/D - 1.75,
THETA - -10 Degrees PHI (B) 159-160

Effects of Roll on Aerodynamic
Coefficients, CR/D 1.75,
THETA - 22.5 Degrees PHI (B) 161-162

Effects of Roll on Aerodynamic
Coefficients, CR/D - 1.75,
THETA w 45.0 Degrees PHI (B) 163-164

Effects of Roll on Aerodynamic
Coefficients, CR/D n 1.75,
THETA - 90.0 Degrees PHIl (B) 165-166

Effects of Roll cal Aerodynamic
Coefficients, CR/D)- 1.75,
THETA 112.5 Degrees PHI (B) 167-168

"-4

i /



INDEX OF DATA FIGURES (Continued)

PLOTTED
CONDITIONS COEFFICIENTS

: TITLE VARYING SCHEDULE PAGE

Fin Effectiveness versus Opening MACH
Angle and Mach Number PHI (C) 169-172

(D) 173-181

Fin Normal Force and Moment MACH (E) 182-183
Coefficients FIN NO.

Fin Normal Force and Moment MACH (E) 184-189
Coefficients, Step Down Body FIN NO.

PHI

Fin Normal Force and Moment MACH
Coefficients, 46.9 Degree FIN NO. (E) 190-195
Leading Edge Sweep PHI

Fin Normal Force and Moment MACH
Coefficients, 60.0 Degrees FIN NO. (E) 196-207
Leading Edge Sweep PHI

Fin Normal Force and Moment Coef- MACH
ficients,46.9 Degrees, Leading FIN NO. (E) 208-219
Edge Sweep PHI

Fin Normal Force and Moment MACH
Coefficientg,57.3 Degree FIN NO. (E) 220-231
Leading Edge Sweep PHI

Fin Normal Force and Hinge Moment MACH (W) 232-247
Coefficient at THETA m-10.0 FIN NO.
Degrees PHI

Fin Normal Force and Hinge Moment HACH (F) 248-279
Coefficient at THETA w 22.5 FIN NO.
Degrees PHI

Fin Normal Force and Hinge Moment MACH
Coefficient at THETA - 45.0 FIN NO. (F) 280-311
Degrees PHI

Effect of Opening Angle on Fin Root THETA (G) 312-471
Bending Momeut MACH

FIN NO.
PHI



INDEX OF DATA FIGURES (Concluded)

PLOTTED
CONDITIONS COEFFICIENTS

TITLE VArYING SCHEDULE PAGE

Effect of Mach Number on Fin FIN NO. (H) 472
Characteristics

Effect of Mach Number on Fin FIN NO. (H) 473-474
Characteristics, Step Down PHI
Body

Effect of Step Down Body on Fin FIN NO. (H) 475-476
Characteristics Configu-

ration

Effect of Mach Number on Fin F1N NO. (H) 477-484
Characteristics PHI

Configu-
ration

PLOTTED COEFFICIENTS SCHEDULE

(A) CN, CLM, CAP, CBL, CY, CYN VERSUS ALPHA

(B) DCN/DA, DCLMDA, XCPB, CAFAFO, CBLAFO VERSUS MACH

(C) DCNALI', DCLMALF, DCAAFO, XCPALF VERSUS THETA

(D) DCNALF, DCLNALFj XCPALF VERSUS THETA

(E) CNP, CLNH, CLMR VERSUS ALPHA

(F) CUP, CL•H VERSUS ALPHA

(G) CLHR VERSUS ALPHA

(I4) D(CNP), XCP, YCP VERSUS HACH

.Z.6



INTRODUCTION

Aerodynamic stability studies of missile designs that have tube-

launched applications have been conducted during the last three years.

Major emphasis has been placed on definition of the aerodynamic character-

istics of missiles with wrap-around fins. Wind tunnel tests have been

planned and conducted to study the effects of the many geometric and flow

parameters for the wrap-around fin (WAF), Reference 1. This report con-

tains one of the planned wind tunnel tests conducted to study the WAF.

The geometric variables covered during this test were opening angle,

leading edge sweep angle, step-down body, and aspect ratio. Two addi-

tional fins with leading edge Lweep angles were tested to extend the

range of tweep angle data. Th• other fins except for the opening angle

cases were tested to fill in voids of previous data. Opening angles

froe 10 degree& beyond fully open to closed 112.5 degrees were tested

for the standard WAF (P1) case. The test was designated AEDC TC 273.
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APPARATUS

Test Facility Description and Operation

The AEDC-PWT Aerodynamic Wind Tunnel (4T) is a closed loop, continuous

flow, variable density tunnel in which the Mach number can be varied from

0.2 to 1.3. At all Mach numbers, the stagnation pressure can be varied

from 200 to 3400 psfa. The test section is 4 feet square and 12.5 feet
long with perforated variable porosity (0.5 to 10 percent open) walls. It

is completely enclosed in a plenum chamber from which air can be evacuated,

allowing part of the tunnel airflow to be removed thru the perforated walls

of the test section (References 2,3).

SDuring this test, the Mach number ranged from 0.5 to 1.3 with

Reynolds number varying from 3.6 to 5.2 x 10 6 /foot (tunnel total pressure

was a constant nominal 2600 psfa).

The nominal test conditions are listed below:

MW PT 10 •I-6

psfa psf 1/ft.

0.5 2600 384 3.6
0.6 2600 514 3.8
0.8 2600 764 5.0
0.9 2600 872 5.0
0.95 2600 916 5.1
1.00 2600 965 5.2
1.05 2600 1000 5.2
1.10 2600 1030 5.2
1.20 2600 1080 5.2
1.30 2600 1110 5.2

The total temperature varied from about 100*F to 1300F.

The atigle of attack was varied from -6* to a maximum positive angle of

attack limited by balamce loads up to 14 degrees on all configuratious



except for one series of body alone. For one series of the body alone,the

angle of attack was varied from -4 to 26 degrees at a constant Reynolds

number of nominally 2.5 x 10 6 /foot.

Instrumentation

The model was supported by AEDC's 6-component strain gage balance IB

(6-1.50-0.500-1.12 M) and sting 4S (S-1.12F-35.38-1.850 M). In addition,

each fin was supported by an independent 3-component strain gage balance

built and calibrated by AEDC for the U. S. Army Missile Command (MICOM).

These balances are identified by MICOM drawings, RDK-12500 series.

The maximum rated capacities for the main balance (AEDC 1B) are:

Normal force 500 lb
Side force 250 lb
Pitching moment 1600 in.-lb
Yawing moment 800 in.-lb
Rolling moment 800 in.-lb
Axial force 100 lb

The maximum rated capacities for each fin balance are:

Normal force 60 lb
Hinge moment 100 in.-Ib
Root-bendiug moment 100 in.-lb

Because of the 3-component limitation of the fin balances, the normal

force and the hinge momoet data are inadequate for the folding fiin con-

figurations. This is discussed in detail in the section on data accuracy.

Other tunnel instrumentatiou consisted of tunnel pressure aad temperature

transducers, two base pressure transducers, aud a model groundiug circuit

indicating continuity between fims aud body and between body anud sting.
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Model

The models consisted of a 2-caliber secant ogive nose with an eight-

caliber cylindrical afterbody and five fin configurations. The basic

body configuration (BI) had a straight cylindrical afterbody, 4 inches

in diameter. An alternate afterbody shape (B2) stepped down to a diameter

of 3.6 Inches over a length of 7 inches from the base, Figure 2.

The five wrap-around fin configurations tested are shown in Table II

and Figure 3. The basic fin Fl was tested at six fold angles of -10, 0,

22.5, 45, 90, and 112.5 degrees. The other fin variables were four fins

with leading edge sweep, two with matching sweep angles and different root

chords F14 and FI8, one delta F19, and one other with a 60-degree leading

edge sweep angle F17. All fins had maximum span for a WAF of approxi-

mately one-fourth the body circumference. Several check points were also

obtained for the basic WAF (FI) on the step down body B2. A gap of 0.020

inch was maintained (dee Figure 3) between body and each fin root choxd

to allow for fin balance deflections under load. Photographs of model

installed in the AEDC 4-foot tunnel are shown in Figure 4.

The complete model, balance and sting was rolled by the AEDC remote

roll mechanism when roll attitudes other than zero were called for. Model

changes consisted of exchanges of fins or fin components. When fins of

different root chord lengths were exchanged, body spacers were also ex-

changed so that the fin trailing edge was flush with the body base.

Each fin attachment plate was at 50% root chord.

l10



DATA ACCURACY

The data presented were obtained at a stagnation pressure of approxi-

mately 2600 psfa. The error in the data at this condition, attributable

to errors in the balance measurements and tunnel condition, was determined

for a confidence level of 95 per cent and is shown as prepared by AEDC

(Reference 2) in Table III.

The error in setting Mach number is +.002. The Mach number variation

in the portion of the test section occupied by the model is no greater

than +.005 for Mach numbers up to 0.95 and +,0l for Mach numbers greater

than 1. The error in setting angle of attack is +.l degree.

The proper hinge monents and normal forces are not adequately defined

for the fin opening angles other than the fully open case, 0 - 0 degrees.

The fin normal force - CNP - measured and plotted in this report is actually

the fin balance normal force which is fixed relative to the model and does

not rotate with Lin opening angle 0. At opening angles other than 0 a 0.0,

the measured fin normal force and hinge moments are merely components of

the true fin normal force (see Figure I). The fin balance orientation with

respect to the body remained fixed for all fin opening angles while the

technique used to vary opening angle was in the fin desiga concept.

Adequate description of fin forces would require 5-component fin balances

with additional measurements of span force or side force and moment. Flat

fin normal force way be approximated for 0 - +10.0, 22.5 and 45 degrees by:

fMil normal force - balance normal force/COS 0.

j.ll
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This type of approximation should not be used for e - 90 and 112.50

because of fin forces induced by the body fin flow field interaction. The

accuracy of using the component method is made more questionable because

force loadings on the WAF and flat fin are different. The fin data at

6 = 112.5 were void because of binding between fin and body. These data

were repeated and are documented in Reference 4.

REDUCTION OF DATA

All main balance force coefficients are referenced to the cross sec-
tional area of the body (12.566 in 2). The moments are all about the nose

apex (rigure 2) and are based on the body cross sectional area times the

body diameter (4 in.).

All fin force coefficients are referenced to their respective fin

panel geometry listed below:

FIN REFERENCE DATA

Fin b/2 - in. CR - in. - .

Fl 2.64 7.0 18.48
F14 2.63 7.0 14.73
Fl7 2.63 7.0 12.52
F18 2.61 4.0 6.92
F19 2.55 4.0 5.10

The fin hinge moment coefficients are about the fin 50% root chord

line and the root bending moment coefficients are about a line parallel

to the fin root chord on the body surface. The reference length for

hinge moment is the fin root chord and for bending moment the exposed

semi span b/2.

The standard sign convention used for the main balance is a clilubing

right turn. The sign convention for the fin balances is shown in Figure 1.

1-12



DATA PRESENTATION

The data are presented in two groups of 1 lots: main balance data and

fin balance data. Each group is broken into three sub groups showing the

basic data variations with angle of attack, summary data showing the effect

of Mach number, and the opening angle variation on fin and fin effective-

ness. A complete run log is contained in Table I.

Main Balance Data

All six components of the main balance data are shown as a function

of angle of attack and Mach number on data pages 1-144. The first six

pages present the body alone data obtained at the Reynolds number of

2.5 x 106 per foot with angle of attack ranging up to 26 degrees. The

summary plots for these data showing the static stability coefficient

gradients and the forebody axial force and rolling moments coefficients

at zero angle of attack are presented as a function of Mach number on

data pages 145-168.

The fin lift effectiveness and incremental drag were obtained as a

function of fin opening angle at several Mach numbers by subtracting the

body alone data from the total configuration body-fin data. These results

are shown in data pages 169-181. All coefficients remain referenced to

the body geometry with the exception of fin center of pressure origin,

which has been transferred to the fin leading edge, model Sta. 33.0 in.;

however, XCPALF remains non-dimensionalized with the body diameter (4.0

in.).
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Fin Balance Data

Data pages 182-231 present the three-component fin balance data for all

runs with fully open fins (0 - 0). Data for the horizontal fins (Fin No.2

and 4) are shown for the model at 0 (model in the + roll orientation),

and data for all four fins are shown at * 45 deg (model in the X roll

orientation). All fin coefficients are based upon their respective geometry

described in the section on reduction of data.

The balance normal force and hinge moment data for the fin opening

* angles of 6 - -10, 22.5,and 45 are presented in Data pages 232-311. The

balance normal force CNP and hinge moment coefficient CLMH are not the fin

normal force and hinge moment for 6 t 0; see section on data accuracy.

These coefficients are not shown for 0 - 90 and 112.5 degrees. The fin

root bending moment coefficients for each fin are shown versus angle of

attack and opening angle for all missile roll attitudes and Mach numbers

tested of pages 312-471.,

Summary data showing the fin coefficient gradients are shown on

Data pages 472-484.

. 14
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NOMENCLATURE

General
Plot

Symbol Symbol Definition

M MACH Mach number; V/a

ALPHA angle of attack, deg.

PT PT tunnel total pressure, psfa

qw Q(PSF) test section dynamic pressure, psf
RN RN Reynolds number, 1/ft

D body diameter, 4.0 inches

ZREF LREF reference length

XC.G. MEP moment reference point

XMRP moment reference point on X axis

YMRP moment reference point on Y axis

ZMRP moment reference point on Z axis

Sf - fin panel area, sq. in.

Sref SREF body cross-sectional area or reference
area; m2, ft 2

(Main Balance)

CAT CA total axial force coefficient

CAF CAF forebody axial force coefficient

CAFpo CAFAFO forebody axial force coefficient at zero angle
of attack

CZ CBL rolling moment coefficient

Ck L0  CBLAFO rolling moment coefficient at zero angle of
attack
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NOMENCLATURE (Continued)

Plot

Symbol Symbol Definition

Cm CLM pitching moment coefficient, about nose

CN CN normal force coefficient

Cy CY side force coefficient

Cn CYN yawing moment coefficient, about nose

ACAa.0 DCAAFO fin incremental drag coefficient at alpha 0.0

•(Acm)/6a DCLMALF fin incremental pitching moment coefficient
derivative with respect to angle of attack

ac /6a DCLXDA pitching moment coefficient derivative with
respect to angle of attack

6(ACN)/6c DCNALF fin incremental normal force coefficient derivative

6CN/6a DGN/DA normal iarce coefficient derivative with respect
to angle of attack

XCPALF fin center of pressure from leading edge,
[DCLMALF/DCNALF + 8.25]

6Cm/6•/ 6 CN/AM XCPB ratio of pitching moment derivative with respect
to angle of attack to normal force derivative
with respect to angle of attack

(Fin Balance)

Cm1I *CLMH fin hinge moment coefficient about 50% chord

CR CLMR fin root bending moment coefficient about body
surface

CNF CNP fin normal force coefficient

* Fin force and moments axis system remain fixed relative to fin

balance regardless of fin fold angle, but roll with model.

.17



NOMENCLATURE (Concluded)

Plot
Symbol Symbol Definition

dCNF/da D[CNP] fin panel normal force coefficient derivative
with respect to angle of attack

XCP chordwise center of pressure positive fwd of
50% chord line

YCP spanwise center of pressure outboard of body
surface

(Parameters)

B/2D fin exposed semi-span to body diameter ratio

CR FRCORD fin root chord length

CR/D fin root chord to body diameter ratio

FIN NO. fin number (See Figure 1)

A LAMDA fin leading edge sweep angle, deg.

, PHI model roll angle, deg.

O THETA fin opening/hlosing angle, deg-0.0fully open

. 18
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.4

PLOTTED DATA

Tabulations of the plotted data and corresponding source
data are available from Data Management Services Operations.
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